We present a systematic revision and phylogenetic analysis of feather mites of the closely related genera Apexolichus
Introduction
Feather mites are the most common and numerous ectosymbiotic mites of the suborder Astigmata that live permanently on plumage and skin of birds. The approximately 2500 species in 450 genera and 34-38 families are known throughout the world and recorded from almost all avian orders; nevertheless, experts consider that the currently known number of species represents not more than 15% of the actual extant fauna (Gaud and Atyeo 1996, Proctor 2003) .
With about 400 species, the feather mite family Pterolichidae is the most species-rich family of the superfamily Pterolichoidea. Mites of this family are adapted to inhabit feathers with large vanes, i.e. flight and covert feathers of the wing and tail feathers, and are associated exclusively with nonpasserine avian orders. Among feather mites occurring on parrots (Psittaciformes), the family Pterolichidae is the most numerous with over 120 species and 28 genera known from these hosts worldwide. Pterolichids restricted to parrots comprise three morphologically distinct generic groups (Gaud and Atyeo 1996; Mironov and Pérez 2003; Mironov et al. 2003a, b) . Among them, the Protolichus group with about 70 species in 21 genera is the most numerous and diverse. The present paper provides a taxonomic revision and phylogenetic analysis of two pterolichid genera, Apexolichus Gaud et Atyeo, 1996 and Titanolichus Gaud et Atyeo, 1996 from the Pro-tolichus generic group. Both genera are associated with psittacid parrots (Psittaciformes, Psittacidae) in the Australian and Indo-Malayan regions.
The first systematic review focused on pterolichid mites associated with parrots was the revision of the genus Protolichus Mégnin et Trouessart, 1884 by Favette and Trouessart (1904) ; in that time this artificial genus incorporated all largesized pterolichids associated with parrots. In the second part of the 20th century, investigations of diversity of the Protolichus group were carried out most extensively in the New World (Atyeo et al. 1984 ; Atyeo 1988 Atyeo , 1989a Atyeo and Pérez 1990) . To a lesser extent, these mites were explored in Africa (Gaud 1980 The genera Apexolichus (9 species) and Titanolichus (1 species) were established by Gaud and Atyeo (1996) in the course of the taxonomic revision of supraspecific taxa of feather mites of the world. Both genera were based on species originally described by Trouessart and coauthors (Mégnin and Trouessart 1884, Trouessart 1899, Favette and Trouessart 1904) in the context of the artificial genus Protolichus. Using the concept of Gaud and Atyeo (1996) , reliable discrimination of these two genera is quite problematic, because it was based only on structure of tarsi II in heteromorph males: in Titanolichus, tarsus II has dorsobasal apophysis, while in Apexolichus, apophyses on this segment are absent. In practice, identification is complicated by rather continuous polymorphism of males. Mironov et al. (2003b) provisionally suggested discrimination of these genera based on the presence and absence of solenidion σ2 on genua II. However, further investigation (Dabert et al. 2006) showed that this feature varies among species of both genera. Finally, re-investigation of three most odd-looking "Apexolichus" species resulted in them being moved into three separate genera, Calyptolichus, Loriprotolichus and Nestorilichus (Mironov and Dabert 2007) . Nevertheless, the problem remained: whether Titanolichus should be synonymized with Apexolichus or whether these taxa are clearly separate.
In the course of our study dealing with feather mites associated with parrots of the Old World (Mironov et al. 2003a (Mironov et al. , b, 2005 Dabert et al. 2004 Dabert et al. , 2006 we accumulated a number of representatives of the Protolichus group from Indo-Malayan and Australian regions and were able to re-examine all retained material of the genus "Protolichus" from the Trouessart collection. The material from this collection contained type specimens or syntype series of all species referred by Gaud and Atyeo (1996) to Apexolichus and Titanolichus. The present paper gives the taxonomic revision of the genera Apexolichus and Titanolichus and includes a phylogenetic analysis based on morphological characters, re-examination of all accessible type specimens, revision of generic diagnoses, constructing of keys, redescriptions of old species, and a review of host associations of these genera with psittacines of the Australia and Indo-Malayan regions.
Materials and methods
The most important materials used in the study were loaned from the Trouessart collection (specimens mounted on slides) deposited in the Muséum National d'Histoire Naturelle (Paris, France). Other material was collected by the authors from dry museum skins of parrots in the following museums: Übersee Museum (Bremen, Germany) and State Museum, Department of Natural History (Oldenburg, Germany). Mites from skins were sampled by the "scratching technique" (Gaud and Atyeo 1996) and preserved in 70% ethanol. For light microscopy mite samples were processed in 10% lactic acid (3-5 days at temperature 40°C), and then mounted on slides in Faure medium (Evans 1992 ). Remounting of old microslides, the medium of which was dissolved by distilled water, was carried out by the same processing. Diagnoses and descriptions of taxa follow the recent standard schemes used for pterolichid mites of the group in question (Gaud and Atyeo 1996; Mironov et al. 2003b Mironov et al. , 2005 . All measurements in species descriptions are given in micrometres.
It is necessary to add that materials of Trouessart had been previously examined by Prof. Warren T. Atyeo (University of Georgia, Athens, USA) in the 1980s, and lectotypes or paralectotypes were marked on slide labels for many species of "Protolichus". Unfortunately, any data concerning designations of lectotypes or simply syntype series for species referred to the genera Apexolichus and Titanolichus have never been published and formally they are not valid. Nevertheless, in most cases we followed the concept of Atyeo in designation of lectotypes.
Abbreviations used in accession collection numbers and for pointing out the depositories of specimens: AMU -A. Mickiewicz University (Poznañ, Poland), UMB -Übersee Museum (Bremen, Germany), QM -Queensland Museum (South Brisbane, Australia), TRT -collections of the Muséum National d'Histoire Naturelle (Paris, France), ZISP -Zoological Institute, Russian Academy of Sciences (Saint Petersburg, Russia). Taxonomic system and Latin names of hosts used in the present study follow Del Hoyo et al. (1997) .
Phylogenetic analysis of the genera Apexolichus and Titanolichus included all species formally referred to these genera by recent investigators (Gaud and Atyeo 1996 , Mironov et al. 2003b , Dabert et al. 2006 . Six other genera of the Protolichus group, associated with parrots from the Australian and Indo-Malayan regions (Calyptolichus, Loriprotolichus, Nestorilichus, Protolichus, Sideropherus, and Uropsittacolichus), were also included as representatives of potentially sis- 47 OEl¹ski ter groups or closely related outgroups. Among them, the genera Loriprotolichus and Protolichus were each represented by two species, and the genus Uropsittacolichus was represented by one species; the remaining genera are monotypic. Thus, all genera of the Protolichus group known from parrots in Australia and Indo-Malaya were used in the analysis. The primitive pterolichid genus Mayracarus Atyeo, 1992 (Pterolichinae) associated with megapodid hosts (Galliformes, Megapodiidae) was used as a distant outgroup and to root the tree.
Reconstruction of phylogenetic relationships between taxa was based on morphological characters and carried out using the maximum parsimony method as implemented in PAUP 4 software (Swofford 1998) . The maximum parsimony analysis was performed with branch-and-bound algorithm, which guarantees finding the most parsimonious tree. All characters were equally weighted and treated as unordered. Support for the clades was estimated by decay/support indices (Bremer 1988) using AutoDecay software (Eriksson 1998 Description: Both sexes. Prodorsal shield occupying mesal part of prodorsum and extending to or beyond scapular setae; anterior part strongly sclerotized; posterior part poorly sclerotized or not expressed (Figs 1B; 3B). Scapular shields represented by poorly sclerotized bands or small plates on lateral margins of propodosoma. Hysterosoma with extensive hysteronotal shield. Humeral shields well-developed. Two vertical setae vi present, their bases close to each other. Scapular setae moved to midline, distance between setae se approximately equal to or less than width of gnathosoma. Setae si and c2 spiculiform; setae c3 setiform; setae h1 absent. Cupules ia postero-lateral to bases of setae c2, situated on humeral shield; cupules im variously positioned in relation to hysteronotal gland openings gl, but always close to that level. Each tarsus with two minute apicodorsal spines, one of them may be situated on proximal part of ambulacral stalk and have a bidentate apex; tarsi I with blunt angular ventral margin, tarsi I, II approximately 1.5-2 times longer than corresponding tibiae; solenidion ω1 closer to base of tarsi I, II than to apex; setae ba slightly distal to corresponding solenidion ω1; condylophores heavily developed; ambulacral discs minutely dentate on distal margin. Solenidion σ2 of genu I present or absent.
Male: Epimerites I free. Bases of epimerites II with or without ball-shaped and heavily sclerotized inflations (Figs 1A; 4A). Gnathosoma trapezoidal in shape, lateral margins blunt-angular without lateral spines; basal podomeres of palps with or without lateral expansions. Opisthosomal lobes welldeveloped, longer than wide, with blunt posterior ends, widely separated from each other by semi-ovate terminal cleft; anterior margin of terminal cleft concave or blunt-angular; interlobar membrane present, occupies most part of terminal cleft; terminal membrane separated from interlobar membrane, lateral membranes commonly present (absent in A. affinis). Setae d2, e2 long, spiculiform; setae f2 setiform or with narrow membranous extension, commonly curved; setae ps2 setiform, always longer than setae f2; setae ps1 wide foliform, membraneous; setae e1 setiform, situated posterior to level of setae e2. Paragenital apodemes present, long, spread commonly from midlevel of coxal fields III to opisthosomal lobes where they fuse with opisthoventral shields; middle parts of apodemes distant from each other, inner margins of these parts with sclerotized areas or connected to each other by wide transverse bridge. Anal suckers circular, corolla dentate, each disc surrounded by membrane with radial striation. Genital papillae situated between anterior parts of paragenital apodemes or on their inner margins. Coxal fields I-IV open, without large sclerotized areas. Bases of trochanters I, II flanked by narrow sclerotized bands connecting bases of respective epimerites. Cupules ih present. Legs II slightly (homeomorph males) or noticeably longer than legs I (heteromorph males); legs III and IV similar in size, not hypertrophied. Tibiae and genua I with spine-shaped apicoventral apophyses; tibiae and genua II with more weakly expressed apophyses than on legs I or almost lacking them (Figs 2A, B ; 6A, B; 10A, B). Setae ra, la of tarsus I proximal or at the same level as seta wa. Tarsus IV short, not more than 1.5 times longer than tibia IV, similar in size to tarsus III; modified setae d, e of tarsus IV as small barrel-shaped structure with apical disc. Polymorphism of males continuous, expressed mainly in size of legs I, II and their apophyses.
Female: Epimerites I free. Bases of epimerites II with ballshaped inflations (Fig. 3A) . Gnathosoma trapezoidal as in males. Hysteronotal shield split into pygidial fragment and main body; lateral sclerotized bands not split from the shield. Oviporus at level of coxal fields III. Epigynum shaped as thick bow-like sclerite or absent. Setae d2, e2, f2 spiculiform or setiform, ps1, ps2 simple setiform. Copulatory opening terminal, on small cone-like extension. Apicoventral apophyses of tibiae and genua I, II developed much more poorly than in males, commonly as blunt extensions, or may be practically indistinct.
Hosts: parrots of the genera Lathamus Lesson, 1830, Platycercus Vigors, 1825, Prosopeia Bonaparte, 1854, and Psephotus Gould, 1845 (Psittacinae, Platycercini).
Key to species

Males
1. Basal segment of palps with lateral extension directed anteriorly and bearing setae dp2 (Fig. 5C ). Tibia I with dorsobasal blunt-angular extension (Fig. 6A) Description: Male (lectotype). Idiosoma, length × width, 440 × 211 (in additional material, 4 males from P. elegans, idiosomal size 445-470 × 215-240). Gnathosoma: basal segment of palps without lateral expansions; ventral side of subcapitulum without spines. Prodorsal shield: longitudinal plate enlarged in anterior part, not extending to row of scapular setae; length of shield 155, greatest width 43. Striated surface around scapular setae se, si slightly punctured. Setae si spiculiform, 68 long. Distance between scapular setae: se:se 58, si:si 26. Scapular shields very small, developed only on lateral margins of propodosoma. Hysterosoma 328 long. Hysteronotal shield: greatest length 314, greatest width 236, anterior margin straight, surface uniformly punctured. Opisthosomal lobes roughly triangular, with narrowed and rounded posterior ends, with small terminal membrane mesal to bases of setae h3, without lateral membranes. Supranal concavity not expressed.
Terminal cleft large, with rounded anterior end, length of cleft 68, width at level of setae ps1 95. Interlobar membrane occupies anterior part of terminal cleft, with angular incision, dorsal surface with a few transverse striae near free margin; length of incision 49. Setae c3 setiform, about 75 long. Lateral setae c2 spiculiform, 66 long, d2, e2 broken in lectotype (in additional material, 4 males from Pl. elegans, length of lateral setae: c2 58-68, d2 65-72, e2 120-132). Setae f2 narrowly foliform * . Setae ps1 ovate (Fig. 1A, B Legs I, II subequal in size. Genua and tibiae I, II with distinct ventral spine-like apophyses ( Fig. 2A, B) . Solenidion σ2 on genu I present. Tarsus IV: setae d, e barrel-shaped, situated at midlevel of segment (Fig. 2E) .
Female ( Remarks: Protolichus affinis, the type species of the genus Apexolichus, was originally described by Mégnin and Trouessart (1884) from two parrot species, Platycercus elegans (in original description Pl. pennanti) and Pl. flaveolus, both from Australia. In subsequent studies, Trouessart re-examined the material from these hosts and identified the specimens he had previously referred to Protolichus affinis as different species, resulting in confusion about host associations and even absurd taxonomical situation. Thus, a few years later, Trouessart (1899) described a new species, Protolichus velifer, and synonymized the older species, P. affinis, to this new name. This was an illogical and unlawful action from the point of view of taxonomic rules. Trouessart listed three species as the hosts of P. velifer: Eunymphicus cornutus from New Caledonia, Pl. flaveolus from Australia, and Prosopeia personata from Fiji. From this information it is possible to understand that Trouessart referred to P. velifer the specimens of P. affinis from Pl. flaveolus. It is necessary to stress here that Pl. elegans was not mentioned as the host of P. velifer.
Further, in a subsequent revision of the genus Protolichus, the situation with P. affinis became even more confused. In this revision, Favette and Trouessart (1904) established one more new species, Protolichus chiragricus, and declared P. affinis also as the synonym of that species. These authors listed for P. chiragricus three hosts from Australia: Pezoporus wal-licus, Platycercus elegans and Pl. flaveolus. This probably means that all specimens of P. affinis from Pl. elegans and at least some specimens from Pl. flaveolus were referred to P. chiragricus. Thus, P. affinis was shut down as a valid species and declared as a synonym of two different junior species.
Gaud and Atyeo (1996) did not comment this confused situation but restored Protolichus affinis as a valid species, and had chosen it as a type species for the genus Apexolichus. Specimens from Platycercus elegans (TRT 34G2) were handmarked by Atyeo as a syntype series. A male lectotype of P. affinis is designated in the present study.
Protolichus distensis was described by Favette and Trouessart (1904) from Platycercus eximius from South Australia and Tasmania. This material is absent from the collection of Trouessart and is apparently lost. Gaud and Atyeo (1996) treated it as a valid species under the name Apexolichus distensis. Our specimens collected from the type host, Pl. eximius from Australia, are conspecific to Apexolichus affinis. In addition, the general image of a male (a photo from microscope) of P. distensis given by Favette and Trouessart (1904: fig. 18 ) also allows us to refer that specimen to Apexolichus affinis, based on such clearly recognized features as follows: the wide terminal cleft with rounded anterior end, the deep incision in interlobar membrane, the absence of sclerotized bridge between paragenital apodemes, and the absence of the basal inflations on epimerites II. As it is said in the previous remark, Protolichus affinis was "shut down" by its author (Trouessart 1899); therefore it is not surprising that mites from Platycercus eximius were described in the subsequent revision of the genus Protolichus as a new species. (Figs 4-6 Diagnosis: Solenidion σ2 of genua I present. Male: basal segment of palps with lateral expansions directed anteriorly and bearing setae dp2; hysteronotal shield with network pattern in anterior part; anterior margin of terminal cleft bluntangular; interlobar membrane with deep right-angular incision, dorsal surface of this membrane with a few striae near free margin of membrane; setae d2 about half the length of setae c2; paragenital apodemes posterior to genital apparatus connected to each other by wide and heavily sclerotized transverse bridge; bases of epimerites II with inflations; tibiae and genua I, II with distinct spine-shaped ventral apophyses, tibia I with short and blunt dorsobasal apophysis; setae d, e of tarsi IV situated approximately at midlevel of segment. Epigynum (Trouessart, 1899) , details of male: A -genito-anal region; B -dorsal opithosoma; C -gnathosoma, ventral; Dvariability of shape of setae ps1, individuals from Prosopeia personata (1, 2) and from P. tabuensis (3) (4) (5) (6) Systematic revision of genera Apexolichus and Titanolichus absent, setae d2, e2 short spiculiform, cupules im anterior to openings gl, length of idiosoma 540-600, length of setae: si 100-105, c2 70-75.
Apexolichus velifer (Trouessart, 1899)
Description: Male (lectotype). Idiosoma, length × width, 682 × 365. Gnathosoma: basal segment of palps with lateral expansions directed anteriorly and bearing setae dp2; ventral side of subcapitulum with pair of flat spines at base of palps and pair of narrow crests along lateral margins (Fig. 5C ). Prodorsal shield: split into two pieces, anterior piece shaped as longitudinal plate enlarged in anterior part; posterior piece in form of transverse plate bearing setae se, si on anterior margin; total length of prodorsal shield 154, greatest width of anterior piece 62. Setae si spiculiform, 110 long. Distance between scapular setae: se:se 90, si:si 42. Scapular shields as narrow poorly sclerotized bands. Hysterosoma 465 long. Hysteronotal shield: greatest length 465, greatest width 236, anterior margin straight, anterior part with faint network pattern. Opisthosomal lobes almost straight, with rounded ends, with narrow terminal membrane on posterior margin of lobes and with small triangular lateral membrane at level of setae h2. Supranal concavity open posteriorly to terminal cleft. Terminal cleft with blunt-angular anterior end and with slightly divergent lateral margins, length of cleft (excluding concavity) 85, width at level of setae ps1 120. Interlobar membrane occupies most of terminal cleft, with blunt angular incision, dorsal surface with a few transverse striae in median part; length of incision 37. Setae c3 setiform, about 70 long. Lateral setae c2, d2, e2 thick spiculiform, 90, 48, and 152-155 in length, respectively. Setae f2 narrowly lanceolate. Setae ps1 of roughly triangular form (in some specimens inner and posterior angle may be rounded (Fig. 5B, D Material examined: Male holotype (QM S48358), 1 male and 4 female paratypes (QM S38359) ex Lathamus discolor (Shaw, 1790), Australia, Queensland, Spreyton, 17 October 1998, B. Gartell; 3 males, 2 females (AMU OL-59), same host, Australia, no other data; 1 male, 2 females (AMU-OL-66), Australia, no other data.
Diagnosis: Solenidion σ2 of genua I present. Male: basal segment of palps with lateral crest extending backward; hysteronotal shield monotonously punctured; anterior margin of terminal cleft rounded; interlobar membrane with short and wide incision, dorsal surface of this membrane with a few transverse striae in anterior part; setae d2 equal to or slightly longer than setae c2; paragenital apodemes posterior to genital apparatus connected to each other by wide sclerotized transverse bridge; bases of epimerites II without inflations; tibiae I with short and acute dorsobasal apophysis and spinelike ventral apophysis, tibia II with spine-like ventral apophyses, genua I, II with poorly expressed ventral apophyses; setae d, e of tarsi IV approximately at midlevel of segment. Female: epigynum absent, setae d2, e2 thin spiculiform, cupules im at level of openings gl, length of idiosoma 400-455, length of setae: si 62-70, c2 60-70.
Remark: This species is known only from the type host, Lathamus discolor, in Australia (Mironov et al. 2003b ). Material examined: Male lectotype, 3 male and 5 female paralectotypes (TRT 34G11) ex Eunymphicus cornutus (Gmelin, 1788), New Caledonia, no other data.
Apexolichus neglectus (Favette et
Diagnosis: Solenidion σ2 of genua I absent. Male: basal segment of palps without lateral extension; hysteronotal shield monotonously punctured; anterior margin of terminal cleft rounded; interlobar membrane with shallow incision, dorsal surface of this membrane smooth; setae d2 equal or slightly shorter than setae c2; paragenital apodemes posterior (25) (26) (27) . Legs I, II similar in size. Tibiae and genua I, II with spine-like ventral apophyses (Fig.  12B, C) . Solenidion σ2 on genu I absent. Tarsus IV: setae d, e situated near base of segment (Fig. 12D) .
Female (5 paralectotypes): Idiosoma, length × width, 477-515 × 310-328. Prodorsal shield: longitudinal rectangular plate slightly enlarged in anterior part, not extended to scapular setae si, se; length along midline 100-104, greatest width 77-83; sur- (Fig. 13A) Diagnosis: Solenidion σ2 of genua I absent. Male: basal segment of palps with lateral crest extending backward; hysteronotal shield with network pattern in anterior part; anterior margin of terminal cleft blunt-angular in shape; interlobar membrane with short and wide incision, dorsal surface of this membrane smooth; setae d2 2-2.5 times longer than setae c2; paragenital apodemes posterior to genital apparatus connected to each other by wide transverse bridge; bases of epimerites II without inflations; legs II much longer than legs I; tarsi II with large dorsobasal apophysis bearing solenidion ω1 and seta ba on rounded apex; tibiae, genu and femur I with spinelike ventral apophyses, tibiae and genua II without ventral apophyses; setae d, e of tarsi IV inserted approximately at midlevel of segment. Female: epigynum present; setae d2, e2 thin spiculiform, cupules im anterior to level of openings gl, length of idiosoma 470-490, length of setae: si 65-70, c2 50-55.
Remark: This species is known only from Platycercus adscitus in Australia. Originally it was described in the context of the genus Titanolichus based on modification of tarsi II, which resembled that in heteromorphic males of the latter genus (Mironov et al. 2003b ). The present comparative study showed that this similarity to Titanolichus is superficial, and that this species should be moved to the genus Apexolichus based on structure of modified setae of tarsi IV in males and epimerites II in females. Diagnosis: Solenidion σ2 of genua I present, minute. Male: basal segment of palps with lateral crest extending backward; hysteronotal shield with network pattern; anterior margin of terminal cleft roughly concave; interlobar membrane with shallowly concave posterior margin, dorsal surface with transverse striae near margin; setae d2 about 1.5 times longer than setae c2; paragenital apodemes posterior to genital apparatus connected to each other by wide sclerotized transverse bridge; bases of epimerites II without inflations; legs I and II subequal; tibiae and genua I, II with spine-like ventral apophyses; setae d, e of tarsi IV closer to base of segment. Female: epigynum present, setae d2, e2 thin spiculiform, cupules im anterior to level of openings gl, length of idiosoma 440-465, length of setae: si 64-70, c2 50-65.
Apexolichus psephoti
Description: Male (holotype, measurements for 5 paratypes in brackets). Idiosoma, length × width, 500 × 245 (Fig. 19A, B) . Solenidion σ2 on genu I present, minute. Setae d, e of tarsus IV closer to base of segment (Fig.  19C) . (Fig. 19E) . Cupules ih postero-mesal to setae ps2. Solenidion σ2 on genu I present, minute (recognizable under high magnification).
Etymology: The specific epithet is derived from the generic name of the host.
Titanolichus Gaud et Atyeo, 1996
Type species: Pterolichus (Protolichus) chiragricus Mégnin et Trouessart, 1884 Description: Both sexes. Prodorsal shield occupying median part of prodorsum and extending to or beyond scapular setae; anterior part strongly sclerotized; posterior part poorly sclerotized or not expressed (Figs 20B; 24B) . Scapular shields represented by transverse bands. Hysterosoma with extensive hysteronotal shield. Humeral shields well-developed. Two vertical setae vi present, their bases close to each other. Scapular setae moved to midline, distance between setae se approximately equal to width of gnathosoma. Setae si and c2 spiculiform; setae c3 setiform; setae h1 absent. Cupules ia postero-lateral to bases of setae c2, situated on humeral shield; cupules im positioned at level of hysteronotal gland openings gl or posterior. Each tarsus with two minute apicodorsal spines, one of them may be situated on basal part of ambulacral stalk; tarsi I with blunt angular ventral margin. Tarsi I, II 1.5-2 times longer than corresponding tibiae; solenidion ω1 closer to base of tarsi I, II than to apex; setae ba slightly distal to corresponding solenidion ω1; condylophores heavily developed; ambulacral discs minutely dentate on distal margin. Solenidion σ2 of genu I present or absent.
Male: Epimerites I free or fused as a Y (in heteromorph males of some species). Bases of epimerites II without ballshaped inflation (Figs 20A; 22A) . Gnathosoma trapezoidal in shape, lateral margins blunt-angular without lateral spines; basal podomeres of palps without lateral expansions. Opisthosoma noticeably narrowed to level of setae e2. Opisthosomal lobes well-developed, widely separated from each other by semi-ovate or ovate terminal cleft, and distinctly divergent; posterior end of lobe enlarged, posterior margin blunt or rounded; in heteromorph males, lobes strongly en- larged apically and whole opisthosoma may have a shape of whale tail. Anterior margin of terminal cleft concave or bluntangular; interlobar membrane present, occupies most part of terminal cleft; terminal membrane clearly separated from interlobar membrane, lateral membranes absent. Setae d2, e2 long, spiculiform; setae f2 setiform or with narrow membranous extension, commonly curved; setae ps2 setiform, equal or longer than setae f2; setae ps1 wide foliform, widened hook-like or setiform; setae e1 setiform, situated posterior to level of setae e2. Paragenital apodemes present, long, spreading from level of coxal fields III to opisthosomal lobes where they fuse with opisthoventral shields; middle parts of apodemes between genital apparatus and anal field close to each other, free or connected to each other by wide transverse bridge (Figs 20A; 22A; 24A, D) . Anal suckers circular, corolla dentate, each disc surrounded by membrane with radial striation. Genital papillae situated lateral to genital apparatus on soft cuticle. Coxal fields I-IV open, without sclerotized areas. Bases of trochanters I, II flanked by narrow sclerotized bands connecting bases of respective epimerites. Cupules ih present. Legs II slightly (homeomorph males) or much longer than legs I (heteromorph males); legs III and IV similar in size, not hypertrophied. Tibiae and genua I, II with spine-shaped apicoventral apophyses; tarsus II in heteromorph males with strong dorsobasal apophysis, directed backward (Fig. 21A-C) . Setae ra, la of tarsus I proximal or at the same level as seta wa. Tarsus IV 1.5-1.7 times longer than tibia IV, similar in size to tarsus III; setae d, e of tarsus IV as short spines (Fig. 25D) . Polymorphism of males continuous, expressed in structure of tarsi and tibiae II and opisthosomal lobes.
Female: Epimerites I free. Bases of epimerites II without strong inflations. Gnathosoma trapezoidal as in the male. Hysteronotal shield split into pygidial fragment and main body; pygydial fragment paired (Figs 23; 26B) . Lateral sclerotized bands absent. Oviporus at level of epimerites III. Epigynum present, semicircular or bow-shaped. Setae d2, e2 spiculiform or setiform, setae f2, ps1, ps2 setiform. Copulatory opening terminal, situated on small cone-like extension. Apicoventral 24A; 25B). In females, prodorsal shield does not extend to bases of scapular setae (Fig. 26B) In both sexes, solenidion σ2 on genua I present, minute. In heteromorph males (with strong dorsobasal extension on tarsi II and with opisthosoma shaped as whale tail) distance between scapular setae and hysteronotal shield (100-140) noticeably exceeds length of setae si (Fig.  20A) . In homeomorph males, distance between scapular setae and hysteronotal shield 80-90, incision in interlobar membrane roughly triangular in shape, 45-50 in length (Fig. 20C) . In females, setae f2 about 10 long, cupules im and openings gl approximately at same transverse level (Fig. 23A) (Fig. 22B) . In homeomorph males, distance between scapular setae and hysteronotal shield 60-75, incision in interlobal membrane shallow, 30-35 in length (Fig. 22B) . In females, setae f2 about 15-25 long, cupules im commonly posterior to level of openings gl (Fig. 23B) row and acute distal half; middle parts of paragenital apodemes close to each other but not connected by sclerotized bridge. Heteromorph males: epimerites I fused as a Y, opisthosoma with whale tail shape, tarsus II with apically acute dorsobasal apophyses, tibia II without dorsal crest, distance between scapular setae and hysteronotal shield definitely exceeds length of setae si. Homeomorph male: incision in terminal cleft roughly V-shaped, 45-50 long. Female: posterior part of prodorsal shield encompassing bases of scapular setae; setae f2 about 10 long, cupules im at level of openings gl; length of idiosoma 505-550.
Remark: Protolichus chiragricus, the type species of the genus Titanolichus, was originally described by Mégnin and Trouessart (1884) from Pezoporus wallicus. Further, Favette and Trouessart (1904) reported this species from Platycercus elegans and Pl. flaveolus in Australia. As it is possible to suggest, Favette and Trouessart by unclear reason re-assigned the specimens from these two species of Platycercus, which originally (Mégnin and Trouessart 1884) were described as Protolichus affinis, and referred them to P. chiragricus. We reexamined all retained materials from Pl. elegans and Pl. flaveolus in the Trouessart collection and recovered only representatives of Apexolichus affinis (see above remarks for this species). In a recent publication (Dabert et al. 2006 ) dealing with new Titanolichus species, Titanolichus chiragricus was redescribed based on the sole type specimen and additional material from the type host. This mite species is apparently specific to Pezoporus wallicus. Diagnosis: Solenidion σ2 of genua I absent. Male: lateral margins of opisthosoma without angle-shaped extensions; terminal cleft, excluding supranal concavity, wider than long; interlobar membrane with short incision; setae f2 flattened, blade-shaped with very narrow and acute distal half; middle parts of paragenital apodemes close to each other but not connected by wide sclerotized bridge. Heteromorph male: epimerites I fused into a Y (rarely remain free as in Fig. 22A ), opisthosoma shaped as whale tail, tarsus II with apically acute dorsobasal apophysis, tibia II without dorsal crest, distance between scapular setae and hysteronotal shield 65-85, equal or less than length of setae si. Homeomorph male: incision in terminal cleft with rounded anterior end, 30-55 long. Female: posterior part of prodorsal shield encompassing bases of scapular setae; setae f2 about 15-25 long, cupules im posterior to level of openings gl (at same level in specimens from N. splendida); length of idiosoma 460-520.
Titanolichus seemani
Remark: Titanolichus seemani was originally described by Dabert et al. (2006) from Neophema chrysogaster in Tasma (Fig.  24A, B) .
Opisthosomal lobes slightly divergent posteriorly, with rounded and enlarged posterior ends and strongly convex lateral margins at level of setae h2. (17) (18) . Tibiae and genua I, II with large spine-like ventral apophyses; tarsus II with semi-rounded dorsobasal extension bearing solenidion ω1 and with longitudinal dorsal crest; genu II with dorsal longitudinal crest (Fig. 25A, B) . Solenidion σ2 on genu I absent. Setae d, e of tarsus IV short spine-like, situated approximately at midlevel of segment (Fig. 25D) .
Homeomorph male (1 paratype): Similar to heteromorph male except for the following features: tarsus II without semirounded dorsobasal extension, tibia II without dorsal crest, setae ps1 filiform (Fig. 24C) (Fig. 26A) . Genital papillae at levels of setae g. Cupules ih postero-mesal to setae ps2. Solenidion σ2 on genu I absent.
Remark: Samples of Titanolichus triangulifer collected from dry skin specimens of two different Australian parrots, Barnardius zonaris and Northiella haematogaster, awake doubts that both host associations are natural, because the genera Barnardius and Northiella are not very closely related. Taking into consideration that the avian sample of B. zonaris was captured in natural conditions, while that of N. haematogaster derived from the Adelaide Zoo where contamination was quite probable, we suggest that the first host association is natural and the second one is probably contamination.
Etymology: The specific epithet points out a pair of triangular extensions on lateral margins of opisthosoma in males.
Discussion
Phylogenetic analysis
The reconstruction of phylogenetic relationships between taxa was conducted based on the data matrix included 18 OTUs (species) and 54 morphological characters (Appendices 1, 2) . The branch-and-bound procedure provided a single most parsimonious tree (Fig. 27 ) with the following parameters (excluding uninformative characters): length 105, CI = 0.607, HI = 0.333, RI = 0.746, RC = 0.496. The consistency index was better than the critical value for this number of taxa, indicating a good fit of the data to the tree topology (Sanderson and Donoghue 1989) . The tree topology confirms the monophyly of genera Apexolichus and Titanolichus. All branches are supported by Bremer index, although mostly of low value.
The analysis revealed a close relationship of the genera Apexolichus and Titanolichus, but proved that they are clearly distinct genera. Moreover, it showed that the monotypic genus Sideroferus and Titanolichus are closer to each other than the latter genus and Apexolichus. In the discussion below (and in Fig. 27 ) we consider only unambiguous character-state changes. Some other character states also characterize particular clades but the interpretation of direction of their evolutionary changes is ambiguous (plesiomorphies or apomorphies). For these reasons these characters are omitted from both cladogram and discussion. The clade bearing these three genera, which we name here the Apexolichus complex, is characterized by two synapomorphies (independently derived in Protolichus): presence of polymorphic males (#3) and long anterior tips of male genital apodemes (#22). The clade Titanolichus-Sideroferus is supported by three unique synapomorphies: distal enlargement of opisthosomal lobes in heteromorph males (#5) and spine-like setae d and e on male tarsi IV (#53, #54). This clade is also supported by another synapomorphy shared homoplastically with Apexolichus platycerci and A. neglectus: the absence of solenidion σ2 (#52). According to our analysis, this solenidion reappeared secondarily in Titanolichus chiragricus. The Apexolichus clade is defined by a single but unique synapomorphy: reduction of scapular shields in females (#16).
Sideroferus lunula (Robin, 1877 ) is a quite derived species, characterized by numerous autoapomorphic features, although none of these character states are unique for this species: setae si in males and females setiform, not longer than distance se-se (#30, #31), setae d2 in males and e2 in females setiform (#34, #37), loss of ventral apophyses on male genua I and tibiae I, II (#42, #43, #44), presence of dorsal apophyses on tarsi I in males (#47). Titanolichus, the sister group of Sideroferus, is characterized by two autoapomorphies: adjacent posterior parts of male genital apodemes (#24), which is unique for this genus, and large dorsal apophyses on tarsi II in males (#49).
Within the Apexolichus clade the species Apexolichus platycerci is probably most deviating species, because its males have lost ventral apophyses on tibiae II (#44) and posses dorsobasal process on tarsi I (#49), which is similar to those in the genus Titanolichus. Three species, A. velifer, A. lathami, and A. neglectus apparently comprise the most derived species grouping within Apexolichus, because their females have lost epigynum (#20) that is very rare case in Pterolichoidea as the whole.
The analysis once more confirmed our former hypothesis that the genus Apexolichus sensu Gaud and Atyeo (1996) was an artificial paraphyletic grouping. The genera Calyptolichus, Loriprotolichus, and Nestorilichus, based on three species formerly removed from the genus Apexolichus (Mironov and Da- Thus, in our phylogenetic tree, the genus "Apexolichus" sensu Gaud and Atyeo (1996) is represented by four separate clades of generic rank.
Host-mite associations
As our main goal in phylogenetic analysis was testing the monophyly of genera comprising the Apexolichus complex, we do not carry out formal cophylogenetic analysis of host associations of the whole Protolichus group; this is left for a future study assuming more complete sampling of hosts and mites. Nevertheless, overview of host associations of all representatives of the Protolichus group, except for the genus Protolichus (Table I) , allow to recover clear host specificity at generic and specific level of mites to certain parrot taxa (species, genera or subfamilies of hosts), that suggests an important participation of cospeciation events in the origin of observed host-mite associations. The genus Protolichus is generally restricted to the lories (Loriinae); however, it needs a separate taxonomic revision and checking of known host associations. The Apexolichus complex is clearly restricted to the parrots of the tribe Platycercini, distributed mainly in Australia and Indo-Malaya. Each species of this complex is either monoxenous or associated with several species of one genus. Titanolichus triangulifer is associated with hosts from the genera Barnardius and Northiella; this latter host is probably a case of an accidental contamination.
The morphologically most derived species of the genus Apexolichus (A. velifer, A. neglectus) occur on host from outside of Australia, on Fijian Islands and New Caledonia, respectively. All other mite genera involved in the analysis also show a restriction to certain suprageneric taxon of hosts. The genera Nestorilichus and Uropsittacolichus are restricted to the tribes Nestorini and Cyclopsittacini (Psittacinae), respectively. Mites of the genus Loriprotolichus occur on lories (Loriinae); according to recently accumulated host-association data they do not overlap in distribution among host genera with representatives of the genus Protolichus, which is also restricted to this tribe. The genus Calyptolichus is known only from large sized cockatoos of the genus Calyptorhynchus Desmarest, 1826 (Cacatuidae, Cacatuinae, Calyptorhynchini). 
